scientific circles. For he brought Raphael Meldola, F.R.S., into the family circle and through Meldola Evershed was able from time to time to attend Friday evening lectures at the Royal Institution and on one occasion to visit the Royal Society, where he was introduced to Charles Darwin. Evershed even contributed an observation to a book on the evolution of caterpillars by Weissmann which Meldola was translating. Later this side of Evershed's interests took the shape of a very fine collection of Lepidoptera, both Indian and British. He became extremely proficient at photographing butterflies in colour. While employed by a firm of manufacturers in London and other centres of industry on analyzing oils and other products he was also experi menting on the radiation of heated gases. He demonstrated that the coloured vapours of iodine, chlorine and bromine emitted continuous spectra in the visible region at the moderate temperature of a red-hot solid, but gave a discontinuous absorption spectrum by transmitted light. He also proved that heat alone to the exclusion of chemical or electrical stimulation was sufficient to produce the discontinuous D radiation from vaporized sodium metal, and that the change from continuous to line radiation was largely a m atter of decreasing density.
But his real interest lay in solar research. In 1890 he was a founder member of the British Astronomical Association and he was Director of the Section of Solar Spectroscopy 1893-9 and of the Section of Spectroscopy 1924-6. Fired by Lockyer's method of observing solar prominences he built himself a spectroscope with a battery of prisms and in 1890 he commenced a long series of observations of prominences from the private observatory that he had established at Kenley. Between 1890 and 1905 he recorded the positions of 13458 prominences and noted the changes in heliographic latitude during a solar cycle. In 1892 he succeeded in photographing prominences in the hydrogen line H/3. This was independent of H ale's invention of the spectroheliograph in the same year. By February 1893 Evershed was also getting solar images showing the brilliant flocculi around sunspots, having devised a method of monochromatic photography of the whole disk of the sun. Correspondence in Knowledge had brought Evershed into touch with A. Cowper Ranyard who introduced him to Hale. Ranyard, who died in 1894, presented Evershed with a fine 18-inch reflecting telescope and a small spectroheliograph which Hale had designed and used in an unsuccessful attem pt to photograph the corona in full daylight from M ount Etna. Ever shed designed a new form of spectroheliograph employing a large directvision prism for use with his reflecting telescope.
One of the directors of the company for whom he was working, W. H. Stead, was interested in scientific work and Evershed was granted leave to join eclipse expeditions. He went with the British Astronomical Association expedition to Norway for the total eclipse of 9 August 1896, hoping to get the emission spectrum of the reversing layer for comparison with the Fraunhofer spectrum. His station on the shore of the Varanger Fjord was, however, clouded out. It was at this eclipse that he met Miss M ary Acworth Orr, who later, as Mrs Evershed, became an active co-worker with him in his solar research work. In 1898 he joined another British Astronomical Association expedition to Talni in India for the total eclipse of 22 January 1898. There with a home-made prismatic camera he secured beautiful spectra extending far into the ultra-violet; he was the first to photograph the emission con tinuum at the head of the Balmer series. A detailed study of the flash spectrum showed that it represented the upper portion of a stratum of gas which by its absorption gives the Fraunhofer spectrum; Evershed also discussed the abnormal strength of the enhanced or spark lines of iron. In 1900 he went to a station near Maelma in Algeria close to the southern limit of the zone of totality, so chosen as to allow a series of 'flash spectra5 to be secured over a longer range of time and of heliographic latitude. Unfortun ately the diameter of the moon adopted by the Nautical Almanac Office in calculating the data of the eclipse was too large and instead of having a total eclipse of 30 seconds, as Evershed had intended, he found himself just outside the belt of totality. He did, however, secure a number of spectra, including one covering the south polar region, justifying his idea of choosing a site on the edge of the belt. The detailed measurements of the spectra obtained at the two eclipses of 1898 and 1900 were communicated to the Royal Society.
Further eclipses observed by Evershed were on 30 August 1905 at Pineda de la Sierra in Spain, on 21 September 1922 at Wallal in West Australia and on 29 June 1927 in Yorkshire. Evershed was unlucky on all three occasions. At his last eclipse he had a prismatic camera of 21 ft. focal length with two 45° Hilger prisms of 6-inch effective aperture which, he stated, were the finest prisms of that size that had ever been made. At all the eclipses his instruments, except the optical parts, were home-made. One of his early papers that should be mentioned here is on the cause of the Gegenschein. He took the view which is now becoming popular that the Gegenschein is really due to a gaseous tail of the earth pointing away from the sun.
In the year 1906 Evershed, on the initiative of Gilbert Walker (later Sir Gilbert) and with the backing of Sir William Huggins, P.R.S., was offered by the India Office the post of Assistant Director of the Kodaikanal Observa tory in Southern India. He gladly accepted and travelled out to India with Mrs Evershed via the U.S.A. and Japan. In America he met the Pickerings, Barnard, Frost, St John and Campbell and he spent a month at M t Wilson with Hale. On arrival at Kodaikanal he commenced a study of the spectrum of sunspots, his first paper giving a list of lines in the ultra-violet, which differed in intensity in the spectra of a sunspot and of the adjacent photo sphere. Comet Daniel (1907*/) also claimed his attention and he used his eclipse prisms to make a prismatic camera attached to a 6-inch equatorial. He identified cyanogen bands in both the nucleus and the tail of the comet. Three years later he secured spectra of Halley's comet: he identified cyanogen and the Swan spectrum in the head, with a continuous spectrum showing the stronger Fraunhofer lines: the tail showed bands of carbon monoxide. Attempts were made to secure photographs of the comet's nucleus in transit across the sun's disk, but poor weather conditions and the diffuseness of the comet's head prevented success. The tail was traced on clear mornings up to the Milky Way, more than 100° from the head.
Evershed's chief work in his first years at Kodaikanal was on the spectrum of sunspots and it was summed up in a Memoir which he published in 1909. The chief points that he noted were the following:
(1) The sunspot spectrum is constant in character and consists mainly of intensified Fraunhofer lines.
(2) The high temperature or spark lines are weakened.
(3) The general absorption is strictly continuous and similar to that at the limb.
(4) The pressure is slightly less than in the reversing layer over the sur rounding photosphere.
(5) The movement of the umbral gases (excluding hydrogen and calcium) perpendicular to the sun's surface is small.
(6) The um bral and penumbral gases are in motion radially outwards from the spot centre and parallel to the sun's surface. The motion accelerates outwardly, velocities of 2 km/s having been measured at the outer limits of the penumbra where the motion is usually lost in a very short distance, though it occasionally extends a considerable distance beyond the penumbra. Gases of the higher chromosphere (hydrogen and calcium) show a tendency to move inwards with a diminishing velocity toward the spot centre.
The last item (6) is known as the Evershed effect: it was first observed by him in a large sunspot on 5 January 1909, on an early morning with good definition and unusual transparency following a week of incessant heavy rains. His success in observing and measuring these radial motions, which had hitherto escaped observation, was due in part to the careful methods he had adopted in measuring small shifts in sunspot spectra and in part to the good use that he made of a large spectrograph that he built for a 6-inch grating by Michelson that he had received from America. One further feature that he observed in the lower chromosphere was a slight rotational velocity of the gases above the penum bra: the mean rotational velocity was 0-35 km/s and the direction of rotation was opposite to that suggested by the spiral stream lines in H ale's H a spectrograms. Evershed's apparent rotational velocity changed sign in passing from the northern to the southern hemisphere. It was, however, not a constant and regular feature as was the radial movement.
Evershed's skill in the designing and building of instruments was made use of in his early years at Kodaikanal to improve and get into working order the Cambridge spectroheliograph; some years later, to enable the H a line to be employed as well as the Kl ine an autocollimating spec on to the framework of the existing instrument; a large Michelson grating was used or, alternatively, an autocollimating train of prisms; simple arrange ments enabled the solar images in K and H a light to be obtained with very little delay between exposures. With the photographic emulsions available in 1914 exposures needed on H a were too long for prominences but good spectroheliograms of the disk in H a light were obtained.
Evershed continued at Kodaikanal the systematic study of solar promin ences that he had commenced at Kenley in 1890. A series of papers on the distribution of prominences and on individual prominences of unusual interest grew into a valuable memoir which he and Mrs Evershed published in 1917 in the Memoirs of the Observatory. In the course of an eleven year solar cycle, [1904] [1905] [1906] [1907] [1908] [1909] [1910] [1911] [1912] [1913] [1914] inclusive, nearly 60000 prominences had been observed at Kodaikanal, including all down to the smallest visible, and there was enough material for the Eversheds to examine the distribution in latitude of promin ences and to establish the movements of the zones of prominence activity, during the solar cycle. The authors were able to confirm Evershed's earlier suggestions of the existence of two zones of which one moved out to the poles at sunspot maximum. They found a definite excess of prominence numbers on the East limb of the sun compared with the West limb and an eastern excess also for prominences photographed on the disk; they failed to find any physical explanation, being loath to believe that the earth could influence the sun in this matter, when no similar evidence could be detected for the other planets. A link between metallic prominences and sunspots was established. Measurements of the H and K lines of calcium showed that the rate of rotation at a level of about 45" above the limb was higher than that of the chromosphere. Many beautiful pictures revealed the motions and changing forms of prominences, subjects which have more recently been studied in closer detail through the spectroheliokinematograph of McMath and by direct cinematography with the Lyot coronagraph and the Lyot filter. Links between the dark hydrogen filaments on the sun's disk and bright prominences on the limb were examined.
Two main classes of prominences were distinguished, the large high prominences not limited to the sunspot zones and the jets, rockets and arches associated with sunspots. Evershed's pioneer work in the field of prominence studies raised a number of questions some of which are still unresolved.
On the retirement of Michie Smith in 1911 Evershed succeeded him as Director of the Kodaikanal Observatory. Royds joined him as Assistant Director and interest and activity turned more and more in the direction of the exact measurement of wave-lengths of spectrum lines. Much lower pressures in the reversing layer than had been generally assumed were indicated by the behaviour of the lines in the solar spectrum-the small shift to the red of spectrum lines at the centre of the disk. Limb spectra were measured and compared with the spectrum at the centre of the disk for a study of solar rotation and of the shift towards the red of lines at the limb. At one time Evershed was inclined to attribute this shift to motion, another indication of a puzzling earth effect indicated by Mrs M aunder's work on 46 Biographical Memoirs sunspots and his own work on prominences. Later when the Einstein gravitational displacement was recognized as a factor to be taken into account Evershed made further studies of the question. His final view was that the Einstein effect accounted for most of the red shift at the limb but that there remained a definite unexplained residual shift. The problem was left unsolved.
Several other papers by Evershed published before he left Kodaikanal call for mention. High dispersion spectrograms were secured on Venus, showing that the line shift was unaltered when light reflected from the far side of the sun was examined: again spectra were obtained of Nova Aquilae 1918 during the first two weeks after the outburst of radiation. Evershed deduced from the initial high velocity outward of the gases, compared with the velocities in prominences with which he was familiar, that only the gases of the star's original chromosphere, lying outside the intensely luminous photosphere would be driven out if the repulsive force was light pressure. He emphasized the presence of sharp non-displaced absorption of H and K lines in the spectrum and identified their source with interstellar gas clouds, a view now regularly accepted but not so generally held in 1918. A high dispersion spec trogram was secured of Sirius and Evershed pointed out the width of the absorption lines, especially of the hydrogen lines, compared with the solar spectrum photographed, with the same instrumental set up, in light reflected from Venus.
One experience of Evershed's while still in India must be mentioned-a visit to Kashmir in 1913 on three months' leave. He found extremely good observing conditions for solar work in the Valley of Kashmir-in a level plain, containing a river and much wet cultivation of rice, 8000 ft. above sea level and completely surrounded by high mountains. The solar definition he found to be extremely good at all times of the day, and unlike most high level stations to be best near noon and in hot weather. He established a temporary observatory near Srinagar in 1915-16 obtaining photographs of prominences and sunspots of the highest quality. Between his two visits to Kashmir Ever shed was lent by the Government of India to the New Zealand Government to advise them on a proposal for establishing an observatory in the South Island. His experience, based on observations in various localities, was that the best seeing was to be obtained in low-level plains near the sea and not on high mountain sites nor even hilltops. His views were contrary to the ideas of the prospective donor of the observatory and the funds available were ultimately devoted to another purpose.
In 1923 Evershed retired from the Directorship of the Kodaikanal Observatory and returned to England. On his final trip down the ghaut road from the observatory to his ship a tiger bounded across the road in front of his car-the only time that he saw a tiger during his sixteen years in India. On his return to England he established a private observatory at Ewhurst where he continued solar observations for the best part of a further thirty years. He retained his interest in exact wave-lengths in the solar spectrum, sunspots and prominences. Working with large hollow prisms filled with ethyl cinimate and giving very high resolving power, he was able to discover that lines which are Zeeman triplets in the umbra of a spot are doublets in the penumbra. The two components are oppositely polarized. The separation of the doublet in the penumbra increases up to the edge of the umbra where the central component appears; the separation of the triplet increases up to the centre of the umbra. The magnetic field then is greatest when the outward radial velocity is zero and weakens as the radial velocity increases. No explanation has yet been given of the apparent change of direction of the magnetic field at the boundary of the umbra and penumbra.
Evershed's refined studies of solar spectrum wave-lengths led Hale to consult him when difficulties arose in the determination of the sun's general magnetic field. Evershed, using his positive on negative method for detecting small displacements of lines (a method that he had developed and used successfully in Kodaikanal), measured a number of M t Wilson plates and came to the definite conclusion that the small shifts on the plates that he measured were not due to a general magnetic field nor to local magnetic fields but were Doppler effects due to motion. This conclusion was in part based on the behaviour of an iron line which gave a great Zeeman separation in the sunspot spectrum but gave no larger shifts than the other lines measured on the M t Wilson plates used for the detection of the sun's general magnetic field.
Other work carried out during Evershed's later years at Ewhurst included further studies of the solar rotation from the H and K lines in prominences: he found that the mean daily angular rotation at 30" above the photosphere was between 1° and 2° greater than in the reversing layer and increased with the increase of solar activity; the shift towards the red of the H and K lines in prominences showed an excess over the relativity effect approximately the same as that given by the iron lines of the reversing layer at the limb. He found similar excess shifts at the limb in the reversing layer for the lines of calcium, aluminium and sodium. The iron lines of medium intensity give shifts at the centre of the sun in close agreement with the relativity effect, but the detection of small Doppler shifts in the spectrum lines representing large areas of the solar surface shows the difficulty of disentangling the Einstein effect with any certainty from the displacements resulting from convection currents and other movements over the sun's surface.
Evershed continued his active observations till 1953 when he finally closed down his observatory at the age of 89. He then presented some of his instru ments to the Royal Greenwich Observatory at Herstmonceux Castle.
Referring to the steadily increasing accuracy of his measures he made the following remark:
'I began with a prism containing just a cubic centimetre of glass, I end with a prism containing two litres of liquid; instead of barely splitting the D lines, Dx and D2 appear now half an inch apart, with a large number of solar lines between.' His keenness to make observations whenever conditions allowed is shown by the following statement from his doctor: 'He was an impossible patient and however ill would always refuse to leave his under ground observatory. I well remember having to examine his chest as best I could while he was engaged in taking photos of the sun. At the age of 75 I found that he had auricular fibrillation and warned him that he must go reasonably quietly for a period of time. On my next visit, as if to defy his pathology, I found him felling trees with an axe.' 
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